The configuration-interaction ͑CI͒ method is applied to the study of positronic magnesium (e ϩ Mg), positronic calcium (e ϩ Ca), and positronic strontium (e ϩ Sr). The CI expansion was seen to converge slowly with respect to L max , the maximum angular momentum of any orbital used to construct the CI basis. Despite doing explicit calculations with L max ϭ10, extrapolation corrections to the binding energies for the L max →ϱ limit were substantial in the case of e ϩ Ca ͑25%͒ and e ϩ Sr ͑50%͒. The extrapolated binding energies were 0.0162 hartree for e ϩ Mg, 0.0165 hartree for e ϩ Ca, and 0.0101 hartree for e ϩ Sr. The static-dipole polarizabilities for the neutral parent atoms were computed as a by-product, giving 71.7a 0 3 , 162a 0 3 , and 204a 0 3 for Mg, Ca, and Sr, respectively.
I. INTRODUCTION
In recent years, the ability of positrons to bind to alkalineearth atoms, such as magnesium has become increasingly well established. Predictions of binding to magnesium have been made by the polarized orbital method ͓1,2͔ and a large many-body perturbation-theory ͑MBPT͒ ͓3,4͔ calculation confirmed this prediction. However, the uncertainties associated with both these methods meant that the predictions of binding were not universally accepted. More recently, the chemical stability of e ϩ Be was established rigorously ͓5͔ with an ab initio calculation using the stochastic variation method ͑SVM͒ ͓5-8͔ that gave a binding energy lower than the best variational calculation of neutral Be ͓5,9͔. However, the best description of the structure of e ϩ Be was made using the fixed core SVM ͑FCSVM͒ ͓10͔. In the FCSVM, the electrons are separated into valence and core electrons with the core electrons only acting to define the field in which the valence electrons and the positron establish the bound state. The FCSVM has also predicted positron binding to magnesium ͓5,10͔. The FCSVM calculations are not fully ab initio, and therefore do not give a rigorous demonstration of binding. However, it has been found that the stability of e ϩ Mg largely depends on the nature of the interaction between the valence electrons and the positron. The core potential can be varied quite markedly without affecting the existence of the bound state ͓11͔. The FCSVM calculations have been widely accepted as giving convincing evidence for the stability of e ϩ Mg.
One problem with the FCSVM is that the presence of the core slows down the calculations dramatically, and furthermore makes the calculation more susceptible to round-off error. The most recent FCSVM binding energy for e ϩ Mg of 0.015 612 hartree was estimated to lie about 10%-15% below the true binding energy ͑note, positron binding energies are reported as positive numbers throughout this paper͒. The FCSVM energy is only about half of the MBPT binding energy, namely, 0.0362 hartree. Although it would seem unlikely, the possibility does exist that the FCSVM wave function is poorly converged and is, therefore, underestimating the true binding energy. While it would be desirable to perform a larger FCSVM calculation for positronic magnesium, the existing calculations probably represent the best calculation that can be performed without an improvement in the FCSVM algorithm or in the computing hardware.
The difficulties in applying the FCSVM to heavier systems have meant that the configuration-interaction ͑CI͒ method ͓12-16͔ is an increasingly attractive method to apply to positron binding systems. The main problem in applying the CI method to positron binding systems arises from the attractive electron-positron interaction that leads to the formation of a Ps cluster ͑i.e., something akin to a positronium atom͒. The accurate representation of a Ps cluster using only single-particle orbitals centered on the nucleus requires the inclusion of terms with high angular momenta ͓13,17,18͔. However, the convergence problems associated with the CI method do not become significantly more severe as the number of orbitals in the core gets larger. A recent calculation upon PsH and e ϩ Be ͓16͔ was able to achieve binding energies and annihilation rates that were in reasonable agreement with high-precision SVM and FCSVM calculations.
In this work, the CI method is applied to the calculation of the ground-state wave functions of e ϩ Mg, e ϩ Ca, and e ϩ Sr. The calculations upon e ϩ Mg are consistent with the results of the FCSVM calculation. The calculations upon e ϩ Ca represent a major improvement over an initial calculation of the e ϩ Ca ground state ͓19͔ since the present orbital basis is almost twice as large. The calculation upon e ϩ Sr gives very convincing evidence that e ϩ Sr is electronically stable.
II. DETAILS OF THE CALCULATION
The CI method as applied to atomic systems with two valence electrons and a positron has been discussed previously ͓12͔, so only a brief description is given here. All calculations were done in the fixed core approximation. The effective Hamiltonian for the system with N e ϭ2 valence electrons and a positron was *Electronic address: jxm107@rsphysse.anu.edu.au
The direct potential (V dir ) represents the interaction with the electron core which was derived from a Hartree-Fock ͑HF͒ wave function of the neutral atom ground state. The direct part of the core potential is attractive for electrons and repulsive for the positron. The exchange potential (V exc ) between the valence electrons and the HF core was computed without approximation.
The one-body polarization potential (V p1 ) is a semiempirical polarization potential derived from an analysis of the spectrum of the parent atom with one electron removed. It has the functional form
The factor ␣ d is the static-dipole polarizability of the core and g l 2 (r) is a cutoff function designed to make the polarization potential finite at the origin. The same cutoff function has been adopted for both the positron and electrons. In this work, g l 2 (r) was defined to be
where l is an adjustable cutoff parameter. The two-body polarization potential (V p2 ) is defined as
The parameters of the core-polarization potential for all systems are listed in Table I . Table II gives a comparison of the experimental binding energies for the positive ions Mg ϩ , Sr ϩ , and Ca ϩ . The values of l were tuned by minimizing the differences between the model potential and experimental energies. The values of l for lϾ3 and for use in the two-body potential were taken as the arithmetic mean of 0 , 1 , 2 , and 3 . The inclusion of the core polarization potential improves the level of agreement between theory and experiment by about an order of magnitude ͑for work using similar core Hamiltonians refer to ͓20-22͔͒. The dipole polarizabilities of these ions are also reported in Table II . The dipole polarizabilities were computed by evaluating the oscillator strength sum rule
for all the states arising from the diagonalization of the Hamiltonian in a large L 2 basis. The oscillator strengths were computed with a modified dipole operator as in ͓22͔.
The positronic atom wave function was a linear combination of states created by multiplying atomic states to single particle positron states with the usual Clebsch-Gordan coupling coefficients 
is an antisymmetric atomic wave function with good L and S quantum numbers. The function j (r 0 ) is a single-positron orbital. The singleparticle orbitals that make up the total wave function are written as a product of a radial function and a spherical harmonic:
The starting point for the calculation was the HF calculation for the ground state of the neutral atoms. These HF orbitals are written as a linear combination of Slater-type orbitals ͑STO͒, and therefore it was sensible to use a linear combination of STOs and Laguerre-type orbitals ͑LTOs͒ to describe the radial dependence of electrons occupying orbitals with the same angular momentum as those in the ground state. The STOs give a good representation of the wave function in the interior region while the LTOs were used in the valence region. First, single-particle orbitals were added to the basis so that the set of orbitals completely spanned the space defined by the STO set. Then additional LTOs ͑with a common scaling parameter, ␣ for given l) were used to enlarge the orbital basis. A Gram-Schmidt orthogonalization of the orbital set was performed to ensure that all the electron and positron orbitals were orthonormal. It should be emphasized that the mixed basis was only used for the lϭ0, 1, and 2 electron orbitals; all the other electron orbitals and positron orbitals used a pure Laguerre basis. The Laguerre basis has the advantage that it can be characterized by the exponential parameter. This made it easier to optimize the energy with respect to variations of the Laguerre basis.
The criteria used to generate the CI basis takes into account the different considerations that apply to the treatment of electron-electron and electron-positron correlations. In the first instance, the strong electron-positron correlations and the tendency for the electron and positron to coalesce into something resembling positronium mandates the use of an orbital basis with large values of l. However, an accurate treatment of electron-electron correlations does not require the simultaneous excitation of both electrons into orbitals with large l ͓16͔.
The CI basis included all the possible Lϭ0 configurations that could be formed by letting the two electrons and positron populate the single-particle orbitals subject to two selection rules; max͑l 0 ,l 1 ,l 2 ͒рL max , ͑8͒
In these rules l 0 is the positron orbital angular momentum, while l 1 and l 2 are the angular momenta of the electrons. A large value of L max is necessary as the attractive electronpositron interaction causes a pileup of electron density in the vicinity of the positron. The L int parameter was used to eliminate configurations involving the simultaneous excitation of both electrons into high l states. Calculations on PsH and e ϩ Be showed that the choice L int ϭ3 could reduce the dimension of the CI basis by a factor of 2 while having a less than 1% effect upon the binding energy and annihilation rate ͓16͔. The present set of calculations were performed with L int ϭ3 although calculations with smaller values of L int were also done to give some indication of the convergence of the binding energy with L int .
The secular equations that arose typically had dimensions exceeding 10 000 and therefore the diagonalizations were performed with the Davidson algorithm using a modified version of the program of Stathopolous and Froese-Fischer ͓23͔.
Various expectation values were computed to provide information about the structure of these systems. The mean distances of the electron and positron from the nucleus are denoted by ͗r e ͘ and ͗r p ͘. The 2␥ annihilation rate for annihilation with the core and valence electrons was computed with the usual expressions ͓24 -26͔. The 2␥ rate for the core (⌫ c ) and valence (⌫ v ) electrons were computed separately.
Initially, the L max →ϱ limits were estimated using a simple extrapolation technique. Making the assumption that the successive increments, X L to any expectation value ͗X͘ scale as 1/L p for sufficiently large L, one can write
The power series is easy to evaluate, the coefficient ⌬ is defined as
and the exponent p can be derived from
There is a degree of uncertainty attached to the extrapolation since the asymptotic form in L max ͑i.e., p) is not known for many operators. Recently, Gribakin and Ludlow ͓27͔ showed that p E ϭ4 and p r ϭ2, when the energy and annihilation increments were computed using second order perturbation theory. Irrespective of the uncertainties in p, the errors in making the extrapolation were kept to a reasonable size by making L max ϭ10 for the largest calculation.
III. CALCULATION RESULTS

A. Tests of the model potentials for neutral atoms
An initial test of the underlying model potential is provided by the calculation of the energies of the ground and lowest-lying nsnp 1 P o excited states, the oscillator strength ͑using the length form of the matrix element͒ connecting these two states, and the dipole polarizability of the ground state. The oscillator strengths were computed with a modified dipole operator as in ͓22͔. These calculations were done using an electron basis that was exactly the same as used for the e ϩ atom calculations and the results are listed in Table III . The energies reported in Table III are the energies of the two valence electrons and the energy zero is the system with both electrons removed. Comparison with the experimental energies indicates that the model potential energies are accurate at the 0.1%-0.2% level. The current CI method has one advantage over the FCSVM. The FCSVM is restricted to using a common to describe the polarization potential, whereas there is no problem in using different l in CI calculations. This is the main reason why the FCSVM binding energy for Mg does not agree as well with experiment as the present CI binding energy.
The oscillator strengths for the resonant ns 2 →nsnp transition give another test of the accuracy of the underlying model potentials and the orbital basis for the electrons. First, there is hardly any difference between the L int ϭ3 and L int ϭ10 calculations when it comes to representing the neutral atom ground state. At the present time the most sophisticated treatments of the oscillator strengths for the alkaline-earth atoms use a relativistic CI approach to treat the correlations of the two valence electrons while core polarization is treated using MBPT ͓28͔. The present oscillator strengths agree with those of Porsev et al. ͓28͔ at the 1% level of accuracy. There is also reasonable agreement with some experimental determinations of the oscillator strengths. TABLE III. Energy levels ͑in hartree͒, oscillator strengths for the resonant transition, and dipole polarizabilities ͑in a 0 3 ) for Mg, Ca, and Sr. The energy of the ground state and the lowest 1 P o excited state ͑relative to the energy of the X 2ϩ core͒ for CI basis sets with L int ϭ0, 1, 2, 3, and 10. The number of configurations is given in the columns N CI . The experimental energies are taken from ͓36͔ and ͓37͔. The experimental oscillator strengths are taken from various sources with the uncertainty in the last digit͑s͒ given in brackets. The polarizabilities, ␣ d in a 0 3 include the contribution from the core polarization. 
B. Dipole polarizabilities
The dipole polarizabilities of the systems provide another very appropriate test of the accuracy of the structure model since the positron binds to the atom largely as a result of the polarization interaction between the neutral atom and the positron ͑in the case of e ϩ Ca and e ϩ Sr it is better to think of the polarization interaction between Ps and a residual positive ion͒. Since the dominant term in the polarization potential is the dipole term, it is worthwhile to determine whether the structure models correctly predict the dipole polarizabilities. The dipole polarizabilities were computed by diagonalizing the Schrödinger equation There had been a number of predictions of positron binding to magnesium and the binding energies of these other calculations as well as the best estimates from the calculations described in the present paper are summarized in Table  IV . The first polarized orbital ͑PO͒ calculation ͓1͔ only included the dipole component of the polarization potential. More recently, an improved version of the PO method ͓2͔ including higher multipoles and MBPT ͓3,4͔ were applied to e ϩ Mg system. The energy from the PO calculation, 0.004 59 hartree, was derived from the scattering length using the identity Ϸ1/(2A 2 ). The MBPT calculation gave a binding energy of 0.0362 hartree ͓3,4͔, which is twice as large as the energy ͑0.015 612 hartree͒ given by the FCSVM calculation. The difference between the FCSVM and MBPT calculations warrants scrutiny since they both involve large-scale calculations to treat electron-electron and electron-positron correlations. Mitroy and Ryzhikh ͓10͔ suggested that the MBPT calculation overestimates the strength of the polarizationcorrelation potential energy due to the inclusion of two distinctly different manifolds of states in the MBPT expansion.
However, the FCSVM calculation only gave a lower bound to the binding energy. Since this calculation relies on a stochastic search, there was no guarantee that the calculation might not severely underestimate the binding energy ͑al-though visual examination of the convergence pattern suggested that the FCSVM energy was within 10%-15% of the variational limit͒. An independent calculation of the e ϩ Mg binding energy needed to be made to ultimately resolve the discrepancy between the MBPT and FCSVM binding energies.
The CI calculations, reported in Table V as a function of L max and in Table VI as a function of L int are largely consistent with the FCSVM calculations. The largest explicit calculation gives a binding energy of 0.014 51 hartree. Extrapolation to the L max →ϱ limit using Eqs. ͑10͒-͑12͒ gives 0.016 76 hartree for the binding energy. Only about 15% of the binding energy is obtained by extrapolation and so even if the correction was in error by 20% it would not significantly increase the uncertainty in the final binding energy. Since the exponents of the LTOs were optimized to give the lowest possible energy, and since there are at least 8 LTOs for every l value, the enlargement of the dimension of the LTO would not have much impact on the binding energy. One salient feature of the calculation is that the positron is already bound at L max ϭ2. CI calculations of other e ϩ X systems have not established binding until L max у3 ͓13-15,19,29͔. The tabulation of the binding energy in Table VI gives evidence that the binding energy is stable against further enlargement of L int . There was only a 1% change in the binding energy when L int was increased from 2 to 3. One interesting feature of Table VI is the result that the binding energy for the L int ϭ0 calculation was roughly twice as large as the energies of the L int ϭ1, 2, 3 calculations. A similar result occurred for positronic beryllium ͓16͔. The reason for this derives from the mechanism for binding. Positronic beryllium and, to a lesser extent positronic magnesium consist of a positron bound to the system by the polarization of the parent atom and in both cases the positron is predominantly found outside the electron charge distribution of the parent atom. The L int ϭ0 polarizabilities for both Be and Mg are too large, leading to an anomalously large positron binding energy.
The subdivision of the annihilation rate into core and valence components in Table V reveals that these two components have completely different behavior with L max . The calculation of ⌫ c does not explicitly include correlations between the core electrons and the positron. The annihilation rate is calculated simply as the overlap between the positron and core electron densities. Since the mean positron radius ͗r p ͘ decreases as L max increases, it is not surprising that ⌫ c increases as L max increases. The L max ϭ10 value of the ⌫ c should be close to converged. The behavior of ⌫ v with L max is completely different. It converges very slowly, and the extrapolation correction adds about 80% to the annihilation rate. With such a large correction the obvious question is whether the extrapolation is reliable? A more detailed discussion of extrapolation issues is postponed to a later section.
The overall comparison between the present extrapolated expectation values and the earlier FCSVM calculation suggests that the two calculations agree when the uncertainties associated with both calculations are taken into consideration. The results are also compatible with a recently reported quantum Monte Carlo ͑QMC͒ calculation with a binding energy of 0.0168Ϯ0.0014 hartree ͓30͔. The QMC calculation was fully ab initio and did not use the fixed core approximation. Taken in conjunction, these three results suggest a binding energy in the vicinity of 0.016 hartree and provide conclusive evidence that the existing MBPT calculations ͓3,4͔ overestimate the positron binding energy.
D. Results for e ¿ Ca
The ionization potential of calcium is less than the binding energy of Ps, namely 0.250 hartree. Therefore, the lowest energy dissociation channel is Ca ϩ ϩPs. The initial predic- Table VII indicate that e ϩ Ca is one of the most tightly bound positronic atoms with a binding energy comparable in magnitude to e ϩ Mg. The partial wave series is more slowly convergent for e ϩ Ca than for e ϩ Mg. This is expected since calcium has a smaller ionization potential and thus it is easier for the positron to attract the electron. The stronger pileup of electron density around the positron requires a longer partial-wave expansion to represent correctly.
The extrapolation of the binding energy yields a 50% correction to the binding energy. Figure 1 shows the energy exponents derived from the (L max Ϫ2, L max Ϫ1, L max ) calculations for L max ϭ6, 7, 8, 9, and 10. It is evident that p is not constant and that it increases as L max increases. Given this variation in p, it is likely that the extrapolation using p ϭ2.67 overstates the contribution from lϾL max . The uncertainties associated with the extrapolation are discussed in more detail later.
Table VII also shows that the annihilation rate for e ϩ Ca is larger than that of e ϩ Mg. Previous research has shown that the annihilation rate generally increases as the ionization potential of the parent atom decreases ͓31,32͔. As mentioned earlier, there is the stronger pileup of the electron density in the vicinity of the positron when the ionization potential is small.
The sequence of L int calculations for e ϩ Ca listed in Table  VIII show a different convergence pattern than for e ϩ Mg. The binding energy for L int ϭ0 is not abnormally larger than the L int ϭ3 binding energy. Positronic calcium is best described as Ps bound to Ca ϩ . Therefore, the fact that the dipole polarizability is overestimated does not result in an anomalously large binding energy.
The extrapolation corrections for ͗r p ͘ and ⌫ c listed in Table VII are obviously not reliable. The e ϩ Ca system at large distances consists of Ca ϩ ϩPs. In other calculations of positron binding systems it has been noticed that systems that decay asymptotically into PsϩX do not have an ͗r p ͘ that changes monotonically with L max ͓15,16͔. Initially, the positron becomes more tightly bound to the system as L max increases, resulting in a decrease in ͗r p ͘. However, ͗r p ͘ tends to increase at the largest values of L max . The net result of all this is that ͗r p ͘ ͑and by implication ⌫ c ) approach their asymptotic forms very slowly. The variations in ͗r p ͘ and ⌫ c are relatively small and the best policy is to simply not to give any credence to the extrapolation for either of these operators for e ϩ Ca and e ϩ Sr. The strontium atom has an ionization potential of 0.209 25 hartree, smaller than that of magnesium and calcium. Therefore, the changes that occurred when going from e ϩ Mg to e ϩ Ca are also evident, but even more marked when going from e ϩ Mg to e ϩ Sr. The wave function and binding energy can be expected to converge even more slowly with L max and the annihilation rate should be larger than that of e ϩ Ca. Both of these features can be seen in Table IX . The binding energy increases by about 30% when L max is increased from 9 to 10 and the annihilation rate is larger than that of e ϩ Ca. There is obviously some uncertainty in the precise determination of the binding energy due to the large contribution from the extrapolation correction. However the e ϩ Sr binding energy is clearly smaller than that of e ϩ Ca. This is consistent with a previous analysis that investigated positron binding to a model alkali atom ͓32͔. The binding energy of the model e ϩ alkali system decreased as the ionization energy of the parent atom decreased ͑provided the binding energy was less than 0.250 hartree͒.
A close to converged calculation of e ϩ Sr would entail a considerably larger calculation. An L max ϭ14 calculation would probably be needed to give an estimate of the binding energy accurate at the 5% level. Table VIII also suggests it might be worthwhile to increase L int from 3 to 4. The mean electron radius of the HF ground state for neutral Sr is 4.63a 0 ͓33͔. The relatively large distance of the electrons from the nucleus may mean it is easier for the positron to form something like a Ps Ϫ cluster, in which case correlations of the positron with both electrons might be more important than they are for e ϩ Be.
F. Extrapolation issues
The binding energies for e ϩ Ca, e ϩ Sr and the annihilation rates for e ϩ Mg, e ϩ Ca, and e ϩ Sr are all subject to quite large extrapolation corrections raising questions about their overall reliability. Fortunately, the analysis of Gribakin and Ludlow ͓27͔ can be utilized to assess the accuracy and, furthermore help devise an improved scheme. Gribakin and Ludlow suggested that the asymptotic form for the energy increments was p E ϭ4 while the annihilation rate was described by p ⌫ ϭ2. It is evident from Fig. 1 that p E increases for all systems as L max increases. An extrapolation with p E ϭ4 would therefore tend to underestimate the magnitude of the extrapolation correction. Since the extrapolation with p E derived from last three energy increments will tend to overestimate the extrapolation correction, it is clear that upper and lower bounds can be placed on the extrapolation correction. An additional calculation with p E chosen halfway between 4 and the L max ϭ10 exponent was also done. This probably gives a more reliable estimate of the binding energy than either of the other estimates. The binding energies for all systems, using these three methods of determining p E are given in Table X . The variations in the binding energy are 6% for e ϩ Mg, 20% for e ϩ Ca and about 40% for e ϩ Sr. The actual uncertainty in the correction is about the same for all 3 systems, the smaller overall uncertainty for e ϩ Mg occurs because the actual magnitude of the correction, when compared with the rest of the binding energy is much smaller.
The variations in the different estimates of the annihilation rate are larger than the binding energy, but they are not excessively large considering that only about 50% of the annihilation rate comes from the explicit calculation. The actual difference between the value of p derived from comparison of the increments to the annihilation rate, and the asymptotic value, p ⌫ ϭ2 given by Gribakin and Ludlow ͓27͔ are 0.32 for e ϩ Mg, 0.55 for e ϩ Ca, and 0.65 e ϩ Sr. The annihilation rates for the middle value of p ⌫ are taken as the preferred estimate giving total annihilation rates of 0.91 ϫ10 9 sec Ϫ1 for e ϩ Mg, 1.36ϫ10 9 sec Ϫ1 for e ϩ Ca, and 1.47ϫ10 9 sec Ϫ1 for e ϩ Sr.
IV. SUMMARY
The CI method has been used to compute the wave functions and energies for e ϩ Mg, e ϩ Ca, and e ϩ Sr. The computed binding energy for positronic magnesium is consistent with a previous FCSVM calculation and a quantum Monte Carlo calculation. It would be reasonable to say that there is a consensus that the binding energy for e ϩ Mg is about 0.016
hartree. The present best estimate of the binding energy is 0.0162 hartree with an overall uncertainty due to extrapolation of about Ϯ4%. The improved calculation for e ϩ Ca shows a binding energy comparable in size to that of e ϩ Mg. The present best estimate of the e ϩ Ca binding energy is about 0.0165 hartree with an uncertainty due to extrapolation of about Ϯ10%. The e ϩ Sr binding energy of 0.0101 hartree has an associated uncertainty of about Ϯ20%. Even though the L max correction more than doubles the binding energy in the case of e ϩ Sr, the error bounds are not ridiculously large. While the present calculations are usefully accurate, it would be desirable to reduce the uncertainties associated with the extrapolations by performing even larger calculations. The main problem with doing larger calculations is that an orbital basis with 100 single-electron and 100 singlepositron orbitals results in a very large number of electronelectron and electron-positron 1/r 12 Coulomb integrals. These are currently stored in random access memory ͑RAM͒ and even a modest increase in the size of the calculation would result in a list of Coulomb integrals and orbital indices that took more than 1 Gbyte to store. Segmenting the Coulomb integral list would probably lead to calculations that could use an orbital list at least 50% larger than the present series of calculations.
Although an explicit calculation has not been done, the present binding energies for e ϩ Ca and e ϩ Sr give very strong evidence that positronic barium would also be stable. An analysis of positron binding to a model alkali atom showed that binding was expected for atoms with an ionization potential larger than 0.1767 hartree ͓32͔. The ionization energy of barium is 0.1915 hartree, which exceeds this threshold. However, barium with two valence electrons is obviously not an alkali atom and this might affect the critical threshold. Fortunately, positronic calcium and strontium can provide guidance about how the model alkali atom analysis relates to systems with two valence electrons. Calcium has an ionization potential of 0.224 65 hartree and e ϩ Ca has a binding energy of 0.016 55 hartree. Strontium has an ionization potential of 0.209 25 hartree and e ϩ Sr has a binding energy of 0.010 05 hartree. The model alkali atoms with the same ionization energies had e ϩ alkali bound states with binding energies of 0.010 49 and 0.004 64 hartree, respectively. Since the binding energies for e ϩ Ca and e ϩ Sr exceed the binding energies of the equivalent e ϩ alkali system, it therefore seems reasonable to conclude that barium, with an ionization potential larger than the critical model alkali threshold of 0.1767 hartree, will also bind a positron. As barium has an ionization potential of 0.1915 hartree, it would be expected that the binding energy of e ϩ Ba would converge very slowly with L max . Since formal binding for e ϩ Sr was only established at L max ϭ8, one should anticipate going beyond L max ϭ10 for e ϩ Ba.
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